hospital readmission ... for all patients identified as testing positive for ESBL-E infection during an earlier hospital stay." 11 Substantial rates of interhospital spread of Clostridium difficile 11 and methicillin-resistant Staphylococcus aureus (MRSA) 13 have been documented in Orange County, California. The authors modeled MRSA surveillance and contact isolation practices across all Orange County hospitals and illustrated the interconnectedness of the system 14 -improved coordination could reduce the spread of MDROs synergistically. 1415 Kho et al 16 found, in the original 5 hospital systems in the Indiana Network for Patient Care (INPC) , that in 10% of admissions the admitting hospital was not aware of the patient's previous history of MRSA or vancomycin-resistant enterococci (VRE) at a different institution, and contact isolation was frequently indicated but not ordered. The regional alert system for MRSA and VRE generated e-mail alerts to infection preventionists (IPs) for patients admitted to an emergency department (ED) or inpatient setting; approximately 20% were based on data from a hospital system different from where the patient was being admitted. 17 This MRSA and VRE alert system relied on the IPs themselves for data entry.
In light of the growing danger of GNRMDRO outbreaks caused by patients who carry these organisms into the hospital and the potential of the prior system to reduce spread, we constructed a new GNRMDRO alert system that builds its registry from microbiology culture data. We designed the new system to draw data from microbiology cultures for several reasons: (1) to remove the IPs' manual data-entry burden, (2) to allow flexibility in the selection of bacteria for alerts, (3) to enable more efficient analysis of microbiology data, and (4) to expand the alerts geographically by including more hospitals' microbiology data and more ED and inpatient encounters.
M E T H O D S Overview
The development of the Regional Electronic Infection Control Network (REICON) for GNRMDRO is described more fully in Advances in the Prevention and Control of HealthcareAssociated Infections. 1 " REICON parses microbiology culture data from 27 hospitals and stores these data as a GNRMDRO registry; it then sends e-mail alerts to notify IPs when a patient with a history of GNRMDRO is newly admitted anywhere in the system. The REICON microbiology data parser began processing culture data on October 1, 2013, and the e-mail alerts were initiated later (as described below). This study was approved by the Institutional Review Board of Indiana University.
Indiana Network for Patient Care
The INPC is a leading operational regional health information exchange (HIE), formed in 1994 by the Regenstrief Institute and the 5 major hospital systems in Indianapolis." Its primary purpose is clinical data exchange to improve the quality and efficiency of health care; a secondary purpose is research.
"
Since 2009, the number of hospital systems has expanded to more than 25. We selected the top 12 hospital systems on the basis of microbiology message volume, and the 27 hospitals in those systems range in size from 16 to 1,510 beds (mean, 334; standard deviation, 370). Seventeen of 27 are in urban or suburban areas; 10 are in smaller towns. There are 2 children's hospitals. This population encompasses 1.9 million patients (age: 35% 24 years or younger, 12% 65 years or older; race: 80% white, 15% black; ethnicity: 6% Hispanic).
Previous MRSA/VRE Registry and Alert System
In the MRSA/VRE registry and alert system, 1617, 21 ' 22 variables such as culture site, infection status, study action status, barrier isolation status, and infection control comments were embedded in the INPC for IPs to enter patient information. Then, whenever a patient was admitted to a hospital or ED, the INPC's receipt of the admission, discharge, and transfer (ADT) Health Level Seven version 2 (HL7v2) message initiated an automated process that checked the MRSA/VRE registry; if positive, an e-mail alert was sent to the IP at the admitting hospital.
New Microbiology Culture HL7 Correction Engine (the "REICON Transform")
A significant barrier to the development of REICON was that microbiology data sent by hospitals into the HIE are often not structured in standard observation result (ORU) HL7v2 format. HL7v2 is an international standard for sending healthcare data messages; it is designed to facilitate the "interoperability" of systems and institutions 23 but is difficult to use for multilayered results like microbiology cultures. As a result, microbiology data in an HIE, while useful for clinicians looking up patients one by one, are usually not a substrate suitably structured for sending e-mail alerts to IPs.
Additional HL7v2 processing by REICON made the microbiology culture data more useful. The REICON microbiology HL7v2 correction engine deals with incorrect HL7 message structure and/or content in the inbound ORU messages. It parses the 6 key data types and elements needed for infection control alerts: the organism, the antibiotics tested, the minimum inhibitory concentrations of the antibiotics, the susceptibility interpretation for each antibiotic, the body source from which the patient's culture was drawn, and the healthcare facility where it was drawn. It also looks for evidence that an assay for ESBL or CRE was positive. These parsed data elements get stored in the REICON schema in Oracle and, as structured data, can subsequently be integrated into e-mail alerts to IPs whenever a patient with a history of GNRMDRO is admitted to a hospital or ED. The rationale for this definition is that colistin and tigecycline are antibiotics of last resort (and are not always part of the laboratory susceptibility assay). At least one of the large hospital systems uses this definition because it at least wants to be aware of the presence of any organism resistant to all other antibiotics tested.
A Dictionary Term for Gram-Negative Superbug
When the REICON engine structures the microbiology data, it also evaluates that content against criteria, developed in consultation with the IPs, for 5 categories of GNRMDRO (Table 1) . If the criteria are met, an additional data element (GNR_MDRO) is written into the REICON database. GNR_MDRO stores which of the 5 "rules" was met and which version of the rules was applied. Our approach allows these rules to be rewritten, to deal with new or evolving superbug criteria in future years.
ADT Hospitalization Messages and Master Patient Index Lookup
The patient identifiers in inbound ADT messages for ED visits and hospitalizations are matched across the different hospital systems against those in the GNRMDRO registry. If a patient has a history of GNRMDRO, the most recent such culture is used for an e-mail alert that is sent to the IP at the admitting hospital.
Automated E-mail Alerts
Mirth software (Mirth Corporation) was used to handle the final steps that transform the REICON-enhanced data into e-mail documents. Secure (encrypted and with username/ password) e-mail accounts were established for the IPs. At the request of the IPs, we included, in the e-mail's subject line, an abbreviation for which rule applies: (1) ESBL-E, (2) CRE, (3) Pseudomonas, (4) Acinetobacter, or (5) other. Not all of the hospital systems are interested in all 5 rules. E-mails were tested among the project team beginning on October 29, 2013, and actual alerts were sent to the IPs at the original 5 INPC hospital systems beginning on January 29, 2014. In "Results," we describe the patients with GNRMDRO identified from October 1, 2013, through December 31, 2014, and their subsequent encounters at the original 5 hospital systems through February 6, 2014. Encounter records in the database were used for this analysis.
R E S U L T S

Analysis of Encounter Records
From October 1, 2013, through December 31, 2013, there were 80,180 inpatients, ED patients, and outpatients of all ages with a microbiology culture parsed by the REICON system. Of those, 573 (0.7%) of had a culture with GNRMDRO. Among the 573, 252 (44%) had an ED or inpatient encounter after the GNRMDRO culture. Demographics, mortality, and length of follow-up of the overall cohort and of the subset of 573 are described in Table 2 . In Table 3 , the 573 patients with a GNRMDRO are reported in 3 subgroups: (1) those with no subsequent ED or inpatient visit, (2) those with a subsequent ED or inpatient visit in any of the 12 hospital systems, and (3) those within subgroup 2 whose subsequent ED or inpatient visit was in the original 5 hospital systems.
The 573 patients had a total of 626 distinct positive cultures for GNRMDRO. About three-fourths of the organisms were ESBL-E, and about two-thirds were obtained from urine cultures. The distributions of the organisms and the body sources are described in Table 4 .
Forty-seven patients (8% of 573, 19% of 252) had the subsequent ED or inpatient encounter at an institution different from the one where the culture was obtained. These 47 patients reflected 23 distinct pairs of culture institution and return encounter institution.
The results in Tables 2, 3 , and 4 reflect a retrospective period (October 1, 2013, through February 6, 2014) in which we tested various aspects of the new system. The encounter 390 (68) 44 (8) 51 (9) 445 (78) 33 (6) 16 ( (Table 3 , right column) show that e-mail alerts would have been generated for 177 patients at the original 5 hospital systems during that time frame.
Analysis of ADT-Driven E-mail Alerts
The actual e-mail alerts to the IPs (January 29, 2014, through March 19, 2014 ) at the 5 original hospital systems were also assessed. During the 7 weeks, all 5 hospital systems were alerted for 67 distinct patients (minimum of 4 and maximum of 24 patients per hospital system). Nineteen (28%) of the 67 patients were admitted to (and had the alert sent to) an institution different from the one where the culture was obtained. Those 19 alerts reflected 15 unique pairs of culture institution and return encounter institution.
The internal testing generated some additional insights. First, some ADT messages were generated for hospitalizations in the past. We considered requiring that the admission date be no more than 2 days in the past, but the IPs found that late alerts for a particular hospital/ED encounter could still help them flag relevant patients whose status was unknown to the institution.
In addition, 2% of the alerts were internally inconsistent. One alert with subject line "ESBL-E" listed the organism as "gram-positive cocci," and one alert with subject line "other gram-negative bacterium" listed a GNR but showed many of the antibiotic susceptibilities as sensitive. We found that REICON had read an original HL7 message correctly, but the sending hospital had subsequently sent another HL7 message that contradicted the first. Both cases were cultures with more than 1 organism, and the hospital sent preliminary culture findings sometime after it had sent the final culture results. The out-of-sequence message overwrote some data of interest. We therefore wrote a program in our Mirth channel to check the e-mail documents and to stop the e-mail from being sent if internally inconsistent.
A third insight involves the complexities not only of an 216 (67) 16 (5) 22(7) 262 (82) 21 (7) 11 ( 167 (66) 28 (11) 29 (12) 183 (73) 12 (5) 5(2) 30. 113 (64) 24 (14) 23 (13) 130 (73) 0 (0) 3(2) 30 HIE itself but also of the electronic medical record (EMR) systems and data flows within multihospital systems that send data to an HIE. In recent years, large hospital systems have purchased smaller hospitals and are implementing new EMR software across multiple sites at the same time that "legacy" data feeds already connect some of the same local hospitals to the HIE. REICON sent an alert to an IP on the basis of an admission to one such local hospital. The hospital was sending data to the HIE, but the hospital's EMR was not yet connected to its own hospital system's EMR. Therefore, when the IP received the REICON alert, she could not look up the patient in her own workplace's EMR.
We monitored the number of GNRMDRO cultures per institution as well as the number of test versus actual alerts per hospital. In this way, we observed situations in which a particular hospital was not having its microbiology data processed by REICON or seemed to have too few GNRMDROs or too few e-mail alerts based on patient volume. This monitoring allowed us to revise the REICON processes for particular institutions or to investigate HIE processes upstream from REICON.
D I S C U S S I O N
The early results suggest that this new system to deliver alerts has the potential to reduce the time to isolation and the spread of GNRMDROs. Efficient tracking of regional rates and patterns of infection may facilitate cooperation and coordination between hospitals to reduce the spread of an organism while rates are still relatively low. 24 Even after initial success in limiting the spread of an MDRO, ongoing vigilance is necessary. 25 In the 4-month testing period that assessed encounter records from all 12 hospital systems, at least 252 e-mail alerts (7) 50 (9) 19 (3) 16 (3) 626 424 (68) 80 (13) 40 (6) 39 (6) 43 (7) Patients with a culture positive for GNRMDRO and a subsequent ED or inpatient admission 252 184 (73) 22 (9) 29 (12) 10 (4) 7 ( 3 ) 282 183 (65) 38 (13) 22 (8) 16 (6) 23 (8) Age among those in the N = 252 column by GNRMDRO would have been generated, 47 to an IP at an admitting hospital system different from the hospital system where the culture was obtained. If only the original 5 hospital systems had been involved during that testing period, e-mails would have been generated for 177 patients (9-10 per week, on average). This pattern of potential e-mail alert generation was confirmed with measurement of the actual alerts: in 7 weeks, e-mail alerts for 67 patients were sent to a total of 11 hospitals in the 5 hospital systems. For the IPs, the informational value of the alerts was highest when the culture was from an institution different from the IP's own. The population with GNRMDROs in this study is mostly older adults (median age, 66 years). The high rate of recurrent ED and inpatient encounters may reflect more chronic illness or debility. When analyzed by organism (Table 4) , some bacteria may be more common in younger populations. Patients with e-mail alerts due to Pseudomonas or other GNRMDROs tended to be younger (25th percentile, 26-30 years old), and many had cystic fibrosis (52% of the 50 patients with Pseudomonas and 7 of the 9 patients with other GNRMDROs).
Our calculation of Charlson scores relies on International Classification of Diseases, 9th Revision (ICD-9) diagnosis codes in the INPC; it is likely that our Charlson scores are underestimates, because the INPC does not receive complete outpatient visit or ICD-9 code data from all of the institutions. However, Charlson scores were highest among patients who had a GNRMDRO and subsequently used the healthcare system. In addition, the highest scores were seen among those patients who sought care in the original 5 healthcare systems. ICD-9 diagnosis data were generally more available from those hospital systems than from institutions that joined the INPC later.
Weaknesses of this retrospective study may reflect limitations in the REICON processes, in the data that flow into REICON, or in other data in the INPC that were used in the analyses. During the study time frame, monitoring and revising the microbiology-parsing and ADT-handling procedures allowed us to fix various deficiencies when we noticed them. It is possible that not all GNRMDROs and/or not all subsequent encounters (ED or inpatient) were identified. However, the rate at which actual alerts were generated beginning on January 29, 2014, was consistent with the rate of return ED or inpatient encounters (test alerts) in the 4-month retrospective analysis that began on October 1, 2013. Because the GNRMDRO registry is only a few months old, the results reported here may underestimate the future value of the alert system.
There are a few aspects of generalizability to consider. The 27 hospitals are mostly urban and reflect hospital systems of varying size (range, 1-10 hospitals). Considering all 12 hospital systems, there are 9,341 total beds, and there were 252 patients with GNRMDRO subsequently admitted to an ED or inpatient unit within a 4-month period. As the microbiology registry data accrue, we expect the rate of alerts to increase, and these figures may serve as a starting point for the development of regional estimates. A second issue is whether REICON methods might be replicated in other locales; new sites for implementation are being considered elsewhere. GNRMDROs have a high mortality rate-as high as 50% for CRE 26 or Acinetobacter bloodstream infections, and these infections add substantially to length of stay a n d hospital costs. 1, 27 The e c o n o m i c impact of G N R M D R O s a n d the p otential for interhospital coordination to reduce spread 1 2 '" suggest that a system like R E I C O N m a y have a positive r e t u r n o n investment if i m p l e m e n t e d regionally. A cost-effectiveness analysis of R E I C O N a n d its impact o n G N R M D R O s will be an i m p o r t a n t next step. Extension of R E I C O N to include alerts for gram-positive M D R O s , such as VRE a n d MRSA, will be i m p o r t a n t to d e m o n s t r a t e the flexibility of its infrastructure and processes.
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